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Power supply having two switch-mode power supply units 



The invention relates to a power supply having two switch- 
5 mode power supply units according to the preamble of claim 
1. Power supplies of this type are used in devices 
appertaining to consumer electronics, in particular in 
television sets, video recorders and set-top boxes for 
generating a multiplicity of stabilized supply voltages. 

10 

Prior art 

Devices of this type often use switch-mode power supply 
units according to the flyback converter principle, in which 
a regulating loop is used to effect regulation to one of the 

15 output voltages. In this case, the switch-mode power supply 
unit has a transformer having a primary winding and at least 
one secondary winding, a switching transistor coupled to the 
primary winding, a driver circuit and a regulating circuit 
for controlling the switching transistor. By means of the 

20 regulating circuit, the driver circuit of the switching 

transistor is driven in such a way that the output voltage 
connected to the regulating loop is kept constant by means 
of, for example, a pulse width modulation (PWM) or a 
frequency variation of the control signal of the driver 

25 circuit. The further output voltages of the switch-mode 

power supply unit are also stabilized as a result of this. 

If a device requires many supply voltages, then the switch- 
mode power supply unit has to have correspondingly many 
30 secondary windings for generating these supply voltages. 

Often, voltage regulators, in particular linear regulators, 
are also connected downstream of a secondary winding, by 
means of which a further supply voltage is provided or an 
improved stabilization can be achieved. 

35 

A further possibility for generating many supply voltages is 
to use a power supply having two switch-mode power supply 
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units. It is desirable for cost reasons to use for both 
switch-mode power supply units as many identical components 
as possible, for example switching transistors and 
integrated circuits in the driver circuits. In order to 
5 avoid reciprocal interference, both switch-mode power supply 
units should be operated with precisely the same switching 
frequency. However, component tolerances mean that the 
switching frequency of the two switch-mode power supply 
units is not identical. If two switch-mode power supply 
10 units run with slightly different switching frequencies, 
however, then this can adversely affect the regulation of 
the two switch-mode power supply units. Therefore, it is 
desirable for the two switch-mode power supply units to be 
synchronized with one another. 

15 

US 5,3 69,5 64 discloses a power supply having two switch-mode 
power supply units which are synchronized with one another. 
In this case, the oscillator of the second switch-mode power 
supply unit is synchronized with the first switch-mode power 

20 supply unit via the output of the driver stage of the first 
switch-mode power supply unit in such a way that the PWM 
voltages of the two driver stages have a phase shift of 
180°. US 5,130,561 discloses a further power supply having 
two switch-mode power supply units which are synchronized 

25 with one another. 

A power supply having two switch-mode power supply units 
according to the prior art is illustrated in a simplified 
embodiment in figure 1. Both switch-mode power supply units 

30 I and II have a common input section 10 on the input side, 

which input section provides a filtered DC voltage Vdc. Both 
switch-mode power supply units in each case contain a 
transformer TR1 and TR2, respectively, whose primary 
windings Wl and W2 are in each case connected to the voltage 

35 Vdc. On the output side, the two transformers TR1 and TR2 

have secondary windings W3 and W4, from the output voltages 
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of which operating voltages V01 and V02 for a corresponding 
device are provided via filter sections 26 and 28. 

The two switch-mode power supply units I and II furthermore 
5 in each case contain a switching element Tl and T2, 
respectively, for example a switching transistor or a 
MOSFET, and also a driver stage 14 and 16, respectively, for 
controlling the switching elements Tl and T2. The two driver 
stages 14 and 16 furthermore have a connection 32 and 34, 
10 respectively, to the input section 10, via which an 

operating voltage for the two driver stages 14 and 16 is 
provided. By means of a connection 30, a synchronization of 
the second switch-mode power supply unit II is effected by 
the driver stage 14 of the switch-mode power supply' unit I. 

15 

In order to regulate the switch-mode power supply unit, the 
driver circuit is fed a regulating signal, not illustrated 
in figure 1, which is derived from one of the supply 
voltages on the secondary side and is transmitted via an 

20 optocoupler or an isolation transformer to the primary side 
of the switch-mode power supply unit. A switch-mode power 
supply unit according to the flyback converter principle 
which has output voltage regulation on the secondary side is 
described in US 4,87 6,636, for example, to which reference 

25 is hereby made. 

Power supplies for devices appertaining to consumer 
electronics often have a normal operation and a standby 
operation. In normal operation, the power supply operates 

30 with a high power and provides corresponding voltages for 
the device , so that all the functions of the device can be 
utilized by a user. In standby operation, as many circuit 
groups or assemblies of the device as possible are switched 
off in order to keep the consumption of the device as small 

35 as possible, and usually there is only an infrared receiver 
and a corresponding circuit logic, often a microprocessor, 
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too, in operation, so that a user can switch the device from 
the standby operation to the normal operation by means of a 
remote control . 

5 In the case of a power supply having two switch-mode power 
supply units, it is appropriate to switch off one of the two 
switch-mode power supply units, in particular the switch- 
mode power supply unit with the higher power, in standby 
operation and to operate the switch-mode power supply unit 
10 that is active in standby operation with the lowest possible 
power loss in standby operation. A power supply of this type 
is disclosed in EP-A-0 803 966, for example. 

Invention 

15 The object of the present invention is to specify a power 
supply having two switch-mode power supply units, which 
provides a multiplicity of supply voltages and has a high 
efficiency particularly in standby operation. 

20 This object is achieved for a power supply by means of the 
features specified in claim 1. Advantageous developments of 
the invention are specified in the subclaims. 

The power supply according to the invention has a first and 
25 a second switch-mode power supply unit, which both contain, 
in particular, in each case a transformer having a primary 
winding and at least one secondary winding, and which 
preferably operate according to the flyback converter 
principle. The power supply furthermore has a normal 
30 operation, in which both switch-mode power supply units are 
in operation, and a standby operation, in which the first 
switch-mode power supply unit is switched off by a control 
voltage. In this case, the control voltage is simultaneously 
used to reduce the switching frequency of the second switch- 
35 mode power supply unit in standby operation. 
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In a preferred exemplary embodiment , the output of the first 
driver stage which drives the switching element of the first 
switch-mode power supply unit is furthermore connected via a 
series circuit to the oscillator of the second driver stage, 
5 so that simple synchronization is thereby effected. At the 
same time, a switching stage, which connects the output of 
the second driver stage to the series circuit, is used to 
ensure that a high pulse width ratio can be used for a high 
power of the power supply in normal operation. 

10 

For switch-mode power supply units, it is desirable to work 
with a higher switching frequency since this makes it 
possible, in particular, to use a smaller transformer. A 
high switching frequency is unfavorable in standby 

15 operation, however, since, in this case, in particular the 
power loss of the switching transistor increases. According 
to the invention, therefore, both switch-mode power supply 
units can be operated with a switching frequency of 32 kHz, 
for example, in normal operation and the second switch-mode 

20 power supply unit can be operated with a switching frequency 
of 16 kHz in standby operation. If a suitable output of .the 
driver stage of the first switch-mode power supply unit is 
used, then only a single resistor is required for switching 
over the switching frequency in standby operation. 

25 

The power supply is suitable in particular for digital 
television sets, video recorders and set-top boxes which 
require a multiplicity of supply voltages. 

30 Drawings 

The invention is explained in more detail below by way of 
example using an exemplary embodiment which is illustrated 
schematically in figure 2. In the figures: 

35 Figure 1 shows a power supply having two switch-mode power 
supply units according to the prior art, and 
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Figure 2 shows a power supply having two switch-mode power 
supply units according to the invention. 

Preferred exemplary embodiments 
5 Figure 2 illustrates a power supply having two switch-mode 
power supply units I and II according to the invention, 
which are synchronized with one another. The synchronization 
is not absolutely necessary for both switch-mode power 
supply units, but it is recommended particularly in the case 
10 of a power supply with a high output power since the pulsed 
operation of the switching transistors gives rise to 
currents having high current peaks which can interfere with 
the regulation of the respective other switch-mode power 
supply unit. 

15 

In this case, the switch-mode power supply units I and II 
correspond in their basic principle to the switch-mode power 
supply units I and II of figure 1 and are likewise operated 
with mains voltage on the input side. Therefore, identical 

20 components are designated by identical reference symbols. 
The two switch-mode power supply units I, II of figure 2 
operate, in particular, according to the principle of the 
flyback converter. Essential circuit groups such as starting 
circuit and snubber network, for example, have been omitted 

25 for the sake of clarity. 

The switch-mode power supply unit I has a driver stage, in 
this exemplary embodiment an integrated circuit IC1, whose 
output OUT1 drives the switching transistor Ti coupled to 

30 the primary winding Wl. The integrated circuit IC1 has an 
oscillator input OSCl, which can be used to set the 
frequency of the oscillator of the integrated circuit. In 
this case, the oscillation frequency of the oscillator 
determines the switching frequency of the switching 

35 transistor Tl. Switch-mode power supply units according to 
the flyback converter principle often use a constant 
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switching frequency; this is the expedient alternative in 
particular also in the case of two switch-mode power supply 
units which are synchronized with one another. 

5 For driver stages which use a fixed switching frequency 
there are a multiplicity of integrated circuits available , 
for example the UC38 4 5B type from the company Motorola. 
Connected to the oscillator input OSC1 of the integrated 
circuit IC1 is an RC element having a resistor Rl and a 

10 capacitor CI, the time constant of which prescribes the 
oscillation frequency. Connected to the RC element is a 
constant voltage Vref , which can be tapped off for example 
at a further output of the integrated circuit IC1. In this 
exemplary embodiment, the second switch-mode power supply 

15 unit II likewise has an integrated circuit IC2, an RC 
element having a resistor R2 and a capacitor C2 being 
connected to the oscillator input 0SC2 of said integrated 
circuit . 

20 Both switch-mode power supply units I and II have mutually 
independent regulations for an output voltage on the 
secondary side. In the case of the switch-mode power supply 
unit I, by way of example, regulation to a constant output 
voltage of the second winding W3 is effected and, in the 

2 5 case of the switch-mode power supply unit II, regulation to 
a constant output voltage of the secondary winding W4 is 
effected. In this case, the regulating signals Url and Ur2 
are transmitted to the primary side via an optocoupler OKI 
for the switch-mode power supply unit I and via an 

30 optocoupler 0K2 for the switch-mode power supply unit II and 
are applied to corresponding inputs VIN1 and VIN2 of the 
driver circuits. By means of the regulating voltages Url and 
Ur2, the driver circuits IC1, IC2 vary" the pulse width ratio 
for the two switching transistors Tl and T2, depending on 

35 the loading on the respective switch-mode power supply unit. 
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Both switch-mode power supply units I and II are in 
operation in normal operation and the switch-mode power 
supply unit I is switched off in standby operation. This is 
brought about as follows: the regulating signal Url 
5 transmitted via the optocoupler OKI is present at the input 
VIN1 of the integrated circuit IC1, to which input an error 
amplifier is connected internally. The error amplifier 
compares the regulating voltage Url with an internal 
reference voltage and controls the switching transistor Tl 

10 in such a way that the switch-mode power supply unit I 

transmits a higher power if Url is too low, and transmits no 
power if Url lies above the internal reference voltage. The 
output voltage of the switch-mode power supply unit I to 
which regulation is effected therefore fluctuates 

15 periodically about its desired value. 

The input VIN1 can therefore be used to completely switch 
off the switch-mode power supply unit I: on the secondary 
side, . a control voltage Us is added to the regulating signal 
Url, through which control voltage the voltage at the input 
VIN1 permanently lies above the internal reference voltage. 
This simulates an overvoltage at the output of the switch- 
mode power supply unit I, as a result of which the 
integrated circuit ICl switches off completely. The output 
of the error amplifier is then permanently at zero, as a 
result of which no further output pulses are output at the 
output OUT1 of the integrated circuit ICl. 

In many integrated circuits, such as the UC3845B type, for 
30 example, the output of the error amplifier is passed out via 
a terminal, in this case COMP1 . Therefore, at the C0MP1 
output, a different output signal is present in standby 
operation than during normal operation. As a result of this, 
this output can be utilized to reduce the switching 
3 5 frequency of the switch-mode power supply unit II. The C0MP1 
output is therefore connected to the oscillator input 0SC2 
of the driver stage of the switch-mode power supply unit II, 
in this exemplary embodiment an integrated circuit IC2. The 



20 



25 



WO 2004/034558 



9 



PCT/EP2003/0 10802 



connection is effected by a resistor R4 in this exemplary 
embodiment. Since the COMP1 output is at zero potential in 
standby operation, the capacitor C2 connected to the OSC2 
input is loaded via the resistor R4 . The charging cycles 
5 which are defined by the values of the resistor R2 and of 
the capacitor C2 are thereby lengthened temporally in 
standby operation. 

Through a suitable choice of the resistance of R4, the 

10 switching frequency of the switch-mode power supply unit II 
can therefore be reduced in a desired manner in standby 
operation, for example from a switching frequency of 32 kHz 
in normal operation to a frequency of 16 kHz. In this case, 
the frequency shifting from 32 kHz to 16 kHz is not brought 

15 about solely by the resistor R4: since the switch-mode power 
supply unit II is synchronized by the switch-mode power 
supply unit I in normal operation, the original oscillator 
frequency of the switch-mode power supply unit II is chosen 
to be somewhat lower than the envisaged switching frequency 

2 0 in normal operation, so that the switching frequency of the 
switch-mode power supply unit II is increased somewhat by 
the synchronization. The reason is as follows: it is 
necessary to avoid the situation in which the original 
switching frequency of the switch-mode power supply unit II 

25 is higher than the switching frequency of the switch-mode 
power supply unit I, since a somewhat higher switching 
frequency cannot be synchronized to a lower switching 
frequency . 

30 For synchronization purposes, the output OUT1 of the 

integrated circuit IC1 is connected to the OSC2 terminal of 
the integrated circuit IC2 by a series circuit. The series 
circuit has, in particular, a rectifier means and a current 
limiting means, in this case a diode D3, a resistor R3 and a 

35 capacitor C3, in such a way that a switching pulse of the 

output 0UT1 raises the voltage across the capacitor C2 up to 
the upper threshold value. This initiates the discharging of 
the capacitor C2 via the OSC2 input. 
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In this exemplary embodiment , the integrated circuit UC3845B 
is used for both switch-mode power supply units I and II, in 
the case of which integrated circuit the pulse width ratio 
5 is limited to a maximum of 50%. This is brought about in the 
integrated circuit by. switching pulses being generated at 
the output OUT1, OUT2 only during every second oscillator 
period. Therefore, an oscillator frequency of 64 kHz is 
necessary for a switching frequency of 32 kHz. The 

10 oscillator therefore supplies two oscillator periods for one 
. switching period, which are both of the same length in 
unsynchronized fashion, and in which the on phase of the 
switching transistor takes place only during one oscillation 
period, while the switching transistor remains turned off in 

15 the other oscillation period- This integrated circuit is 
therefore suitable in particular for use in switch-mode 
power supply units according to the flyback converter 
principle . 

20 In this case, the oscillator of the integrated circuit IC2 
functions as follows: the capacitor C2 is charged by a 
constant reference voltage Vref via the resistor R2 . Given 
an upper threshold value of 3.2 V, the capacitor C2 is 
discharged via the OSC2 input down to a lower threshold 

25 value of 1.6 V. The discharge current is 8 mA, for example, 
so that the capacitor C2 is discharged very rapidly. The 
next oscillator cycle then follows. During every second 
oscillator cycle, when the lower threshold value is reached, 
the integrated circuit IC2 generates an output pulse for 

30 driving the switching transistor T2. 

Since a switching pulse of the integrated circuit ICl 
charges the capacitor C2 up to the upper threshold value via 
the series circuit, and the subsequent discharging occurs 
35 very rapidly, and the switching pulse for the switching 

transistor T2 is generated at the lower threshold value of 
the integrated circuit IC2, the switch-mode power supply 
unit II thus runs with a small phase shift in lagging 
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fashion with respect to the switch-mode power supply unit I. 
The current limiting means , in this case a capacitor C3 and 
a resistor R3, are chosen in such a way that the output OUTl 
is loaded as little as possible by the series circuit, but 
5 at the same time a rapid charging of the capacitor C2 up to 
the upper threshold value is ensured. 

Since the switch-mode power supply unit II thus has two 
oscillation cycles for one switching cycle of the switching 

10 transistor T2, the synchronization pulse of the switch-mode 
power supply unit I may fall either within the oscillation 
cycle which determines the on phase of the switching 
transistor T2, or within the oscillation cycle which 
determines the off phase of the switching transistor T2 . If 

15 the synchronization pulse occurs during the on phase at the 
capacitor C2, then the oscillation cycle is ended early by 
the synchronization pulse and, as a result of this, so to is 
the on phase of the switching transistor T2 . The pulse width 
ratio for the switching transistor T2 is thus restricted as 

20 a result of this. 

If the synchronization pulse occurs in the oscillation cycle 
in which the switching transistor T2 is turned off, then 
this is more favorable since an oscillation cycle for the on 

25 phase then follows which is undisturbed, so that a pulse 
width ratio of at least 50% is possible in this case. The 
synchronization in this case shortens the off phase of the 
oscillation cycle and thus lengthens the maximum pulse width 
ratio to more than 50% in total. This would be the more 

30 favorable mode of synchronization, therefore, although after 
the power supply has been switched on, the synchronization 
can be effected either to the first oscillator cycle or to 
the second oscillator cycle. This cannot be defined by the 
external components. 

35 

The power supply therefore additionally contains a switching 
stage, which connects the output 0UT2 of the driver stage 
IC2 to the series circuit, and by means of which the second 
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switch-mode power supply unit II can be put at the more 
favorable oscillation cycle. In this exemplary embodiment, 
the switching stage has a transistor T5, whose base is 
connected via a voltage divider to resistors R5, R6 at the 
5 output OUT2 of the integrated circuit IC2, so that the 
transistor T5 turns on if the voltage level at the OUT2 
output is high, and turns off if the level is low. 

In this case, the output OUT2 of the integrated circuit IC2 
10 is connected to the series circuit, or to the oscillator 
input OSC2, by the switching stage in such a way that the 
switching stage suppresses synchronization pulses of the 
integrated circuit IC1 if the output OUT2 supplies a high 
voltage for turning on the switching transistor T2 . 
15 Therefore, after the power supply has been switched on, said 
synchronization pulses are suppressed, and only if the 
synchronization pulses fall within the oscillator cycle in 
which the switching transistor T2 is turned off are they 
transmitted by the series circuit, since, in this case, the 
20 transistor T5 turns off and is therefore at high impedance. 

When the power supply is switched on to normal operation, 
the switch-mode power supply unit II is not immediately 
synchronized as a result of this if the synchronization 

25 pulse falls within the oscillator cycle in which the 

switching transistor T2 is turned on. As a result of the 
different oscillation frequencies, however, the phase of the 
synchronization pulse is then shifted until the pulse falls 
within the oscillation cycle in which the switching 

30 transistor T2 is turned off, so that the synchronization is 
effective for the switch-mode power supply unit II starting 
from this point in time. This ensures that the switch-mode 
power supply unit II can operate with a pulse width ratio of 
at least 50%. 



The values used in the exemplary embodiment for the 
components are as follows: CI = 2.2 nF, Rl = 15 kohm, 
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R2 = 18 kohm, C2 = 2.2 nF, R3 = 100 ohm, C3 = 1 nF, 
R4 = 55 kohm, R5 = R6 = 1 kohm. 

The two switch-mode power supply units I and II according to 
5 figure 2 preferably operate according to the flyback 
converter principle, but other circuit principles are 
likewise possible. Flyback converters are preferably used in 
devices appertaining to consumer electronics, for example in 
television sets and video recorders. In a flyback converter, 
10 energy is stored in the transformer in this case during the 
on phase of the switching transistor and is subsequently 
transmitted to the windings on the secondary side in the off 
phase of the switching transistor. 

15 The present invention is not restricted to the concrete 
embodiment of the power supply described here. Thus, the 
power supply may also have more than two switch-mode power 
supply units which are synchronized with one another, a 
first switch-mode power supply synchronizing the further 

20 switch-mode power supply units. Further configurations of 

the invention lie within the technical abilities of a person 
skilled in the art. 



